Abstract -A brief description of the history and technology of the Caltech Submillimeter Observatory (CSO) is presented. The design of the 10.4 m Leighton telescope is discussed and also the methods used for fine adjustments of the surface. The dome design is explained, plus a short description is given of the technology of the detectors.
I. INTRODUCTION
The submillimeter band of the electromagnetic spectrum (wavelength 1 mm -100 tm) falls between the radio and the infrared and it is not obvious whether the techniques for telescopes and receivers will be more radio-like or infraredlike. In fact it turns out that both are needed. For high resolution spectroscopy radio techniques are used, but for low resolution or continuum studies, bolometers are used. The telescopes which have pioneered the field have mostly been radio-style, using the standard design of stiff back-up structure and lightweight surface panels giving a typical rms surface error of about 20 vm for a 10 m class telescope. From the "Ruze" formula, the shortest wavelength for good diffractionlimited performance is about 400 yim. Thus Figure 2 ) proved impractical due to the wind forces. Instead the two large doors were assembled in place, on the tracks (Figure 3 ). The design of the shutter is that the two doors (each covering 1/3 of the total dome 1-4244-0688-9/07/$20.00 C 2007 IEEE segment) are actuated by a hydraulic drive and steel rope and pulley system, the front door moving at twice the rate of the upper door, so that the two nest together at the back when fully open. In spite of the trial erection, the construction company suffered great difficulty on the mountain and eventually went bankrupt, leaving the completion of the Mauna Kea construction to the Caltech staff. Nevertheless, the job was completed in time for the dedication in November, 1986. The completed observatory is seen in Figure 8 . The CSO incorporates many innovative technologies in the telescope, dome, receivers and bolometers. The radio style dish [1] has a stiff, but homologous steel tube back-up structure, with only pinned joints so there are no shear forces, to enable accurate modeling. The panels are light-weight aluminum honeycomb hexagons (the hexagon concept was later followed by the Keck telescopes). Leighton's construction technique was to mount the structure on an airbearing, to rotate under a parabolic track set to an accuracy of about 2 vm by laser ranging, relative to an oil tray as a gravitational level. A cutter runs on the parabolic track to machine the upper honeycomb surface (Figure 4) . Thin aluminum sheets are glued and sucked down onto the machined surface of each honeycomb hexagon, later to be ground and polished to final shape. In this way Leighton achieved a primary surface accuracy of about 10 yim. The primary structure was broken into three for shipping to Hawaii and when reassembled at the site was found to have a surface error of about 40 tm. This was reduced to about 20 ym by various procedures.
Three independent techniques were planned to enable correction of the primary mirror. The panels are supported from the back-up structure by steel stand-off pins. The first and coarsest method is to adjust by hand a differential screw at the bottom of each stand-off pin. A more refined method to adjust the length of the pin is with a Peltier (heater/cooler) unit [2] . This was not implemented until recently ( Figure 5 ). The third correction is to the curvature of each panel by means of a warping harness. This is needed because the dish was originally set in an ambient temperature room, but operation is with the surface exposed to the cold night sky, causing a flow of heat from the rear of each panel to the front causing a change in the curvature, in spite of styrofoam insulation on the back faces and edges of the panels.
All of these correction techniques require some measurement of the surface errors. At the CSO we use a novel scheme which is a single dish analog of a two element interferometer holographic system [3] . One beam looks at a planet as a phase reference, the other makes a far-field map of the beam in the direction of the planet and the two are multiplied. In the case of the CSO the second beam is obtained with a beam splitter and a rotating mirror (two dimensions).
The resulting far-field beam maps are transformed to give a phase map in the aperture plane which provides the required corrections. The scheme provides error correction maps as a function of elevation angle to about 7 vm accuracy. The heating/cooling of the stand-off pins generally improves the efficiency by about 50% at the highest frequencies.
which will replace bolometers in many applications. They can function as multicolor pixels with multiplexed output, providing cameras with thousands or tens of thousands of pixels [5] . The CSO has a full set of heterodyne receivers, covering all atmospherically allowed frequencies in the 180 -950 GHz band. They are all SIS receivers, [4] (which is the style of receiver chosen for most of the bands for ALMA). While the IF bandwidth is limited to 1 GHz for most receivers currently, we are rebuilding them all to have the IF range 4 -8 GHz. Such a receiver is shown in Figure 6 , where there is a balanced input which is useful for eliminating local oscillator noise. The dual detector system can also be used as dual polarization or sideband separating or on-off switching style receivers. The receiver noise temperatures increase roughly linearly with frequency, at about three times the theoretically limiting "Quantum Noise" up to the band gap frequency of niobium at -700 GHz.
The CSO also supports bolometer cameras; Bolocam (141 pixels at 1 and 2 mm) and SHARC 11 (384 pixels at 450 and 350 sm).
Other devices supported include a Fabry-Perot, a grating spectrometer, a polarimeter and a Fourier transform spectrometer.
For the future there is a development of a new superconducting device -a Kinetic Inductance Detector- v 
